INTRODUCTION
Let where N ~ 2 and consider a piece of homogeneous isotropic material occupying the region Q. Radial deformations of this body are given by functions u : S~ --~ f~N which have the form, and U : (0,1) -~ (0, oo). A radial deformation is in equilibrium if u satisfies the equations of elastostatics and these reduce to an ordinary differential equation for U which is given in section 2. In order to avoid self-penetration of the body, it is natural to require U to be strictly increasing on (0,1). If U(0) = lim U(r) = 0, the deformed body corresponding to U is again a ball of radius U( 1 ) = lim U(r). If U(0) > 0 the deformed body is a ball with a spherical hole in the middle. In this case the original solid ball has ruptured and a spherical cavity of radius U(0) > 0 has formed. The basic problem is to establish the existence of radial equilibrium deformations with cavities and to discuss their stability. These issues are the subject -of a fundamental paper by Ball [1 ] .. ' The contribution which we offer differs from Ball's work in two respects.
Firstly we deal directly with the ordinary differential equation for U corresponding to the equilibrium equations. Our results are obtained by a version of the « shooting method » and so involve only elementary arguments for differential equations as opposed to the combination of variational and differential equation techniques employed by Ball. Since we deal only with solutions of the equilibrium equations our discussion cannot yield a complete analysis of the stability of the solutions. This involves the study of the energy in a full neighbourhood of a solution in an appropriate function space. In this respect our analysis of the problem is less complete then Ball's. On the other hand we deal with the general form of the constitutive assumption for nonlinear hyperelasticity rather than the special form (4.4) treated by Ball. To carry through our analysis we make a number of assumptions concerning the function which gives the storedenergy per unit volume in terms of the deformation. When we interpret these assumptions in the special case treated by Ball, we find that they reduce to conditions which are rather similar to (but in some respects less restrictive than) those introduced by Ball. Having stressed the differences between the present approach and that used by Ball, let Thus, for 0 ~. ~,*, the problem (2.22) to (2.26) has only one solution, namely U(~,, A) and this has no cavity. For ~, > ~,*, the problem has exactly two solutions, namely U(A, À) and U(~,, w{~,)). The deformation corresponding to U(~,, w(~.)) has a cavity of radius R(~,) where Ap is the unique value of ~, > ~,* such that ~, i -N~ 1 (w(~,), ~., ..., ~,) = P. associated with the deformation U(Ap, w(Ap)) for the Cauchy traction problem is, by (2.33) and (3.2), and our hypotheses imply that lim ECc(P) = + oo .
For the dead-load traction problem, we denote by D(03BB) the PiolaKirchhoff stress on aS~ for the solution U(~,, w(~,)). Thus, for ~, > r~*, Our We close this section with a few remarks about our hypotheses. Remark. 2014 1. We have shown above how to verify our hypotheses when the function 0 has the special form (4.4). Although this form is consistent with the usual axiom s for the constitutive assumption in hyperelasticity, it is by no means implied by them. In fact for N = 3, it is quite common to take the function ~ in the following form : where h and 03C8 are real-valued functions defined on (0, oo). In much the same way as we have done for the form (4.4), it is not hard to give conditions on 03C6, h and 03C8 which ensure that a function C of the form (4. 6) satisfies (Al) to (A7).
2. In (A5) it is assumed that ~ is bounded below, but this part-of the assumption is only used to discuss the energy of the solutions in section 6 Setting S(t ) = t 1-N~ ~ (Q(~.)(t ), t, ... , t ) it follows from (5.5) that S satisfies for all t in the domain of Q{~,). Then arguing as in the proof of Lemma 2(a), we find that the domain of Q(03BB) contains [03BB, oo), and that dS (t ) 0~t~ [03BB, oo). From parts (c) and (d ), it follows easily that g is strictly increasing on (0, oo ). implies that the function D given by (3. 5) for the dead-load traction problem has the property that lim D(03BB) = oo.
2. When the function 03A6 has the special form (4.4),
Hence we see that the conditions (Al) to (A8) are all satisfied provided that § and h satisfy the conditions (Bl) to (B5) of section 4 and, in addition,
